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Analogues of Taxol (paclitaxel) with the side chain conformationally restricted by insertion of
a carbon linker between the 2′-carbon and the ortho-position of the 3′-phenyl ring were
synthesized. Biological evaluation of these new taxoids showed that activity was dependent
on the length of the linker and the configuration at C2′ and C3′. Two analogues in the homo
series, 9a and 24a, showed tubulin binding and cytotoxicity comparable to that of Taxol.
NAMFIS (NMR analysis of molecular flexibility in solution) deconvolution of the averaged 2-D
NMR spectra for 9a yields seven conformations. Within the latter set, the hydrophobically
collapsed “nonpolar” and “polar” classes are represented by one conformation each with predicted
populations of 12-15%. The five remaining conformers, however, are extended, two of which
correspond to the T-conformation (47% of the total population). The latter superimpose well
with the recently proposed T-Taxol binding conformer in â-tubulin. The results provide evidence
for the existence of two previously unrecognized structural features that support Taxol-like
activity: (1) a reduced torsion angle between C2′ and C3′ and (2) an orthogonal arrangement
of the mean plane through C1′, C2′ and the 2′-hydroxyl and the 3′-phenyl plane, the latter
ring bisected by the former plane. By contrast, epimerization at 2′,3′ and homologation of the
tether to CH2-CH2 were both detrimental for activity. The decreased activity of these analogues
is apparently due to configurational and steric factors, respectively.

Introduction
The discovery that Taxol (paclitaxel, 1a) binds to

tubulin promoting its aggregation in microtubules and
the disclosure of its potential clinical activity in various
forms of cancer have put this complex diterpenoid at
the center of intense multidisciplinary attention and
extraordinary media attention.1 Within the chemical
arena, the search for improved analogues has generated
an impressive body of structure-activity data (SAR).2
The amino acid side chain and, to a lesser extent, also
the terpenoid core of the natural product turned out to
be amenable to modification for the synthesis of ana-
logues. Early studies led to the discovery of Taxotere

(docetaxel, 1b),3 a clinically useful compound with a
better solubility and a higher in vitro potency compared
to Taxol. More recent investigations have focused on
analogues active on MDR (multi-drug-resistant) cells,
easier to administer, and endowed with a better profile
of side effects4 as exemplified by the orally active taxoid
IDN 5109 (2).5

The discovery of Taxol-mimicking compounds which
structurally deviate from the taxoid platform and
superficially do not resemble each other has proven of
great significance in the field,6 suggesting the existence
of a shared structural core among the various tubulin
stabilizers. The structural elements underlying the
occupation of an identical binding site are not obvious,
and the pharmacophore models which have emerged
from the vast body of information available are con-
trasting and focus on different functionalities.7 The
problem is complicated by the fact that an endogenous
ligand has not yet been identified, and therefore, it is
not known what endogenous ligand, if any, the various
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tubulin stabilizers are supposed to mimic. The discovery
of a second receptor for Taxol8 has added a further layer
of complexity to our understanding of the structural
requirements for cytotoxic activity, since little is known
about the interaction of the biological analogues of Taxol
with this receptor. A further complicating factor is the
poor correlation between tubulin binding and cytotox-
icity that has sometimes been observed for taxoids.9

At the core of the ambiguity in the definition of a
taxoid pharmacophore is the issue of the active confor-
mation of the natural product, and a significant amount
of research has focused on the alleviation of this
problem. The baccatin core of Taxol is conformationally
rigid, but the side chains are not, and the presence of
at least seven easily rotated single bonds within these
moieties translates into a palette of three basic types
of conformations: two globular and an extended one.10

The two globular conformers are characterized by a
clustering of the lipophilic groups on the amino acid side
chain and the terpenoid core and are often referred to
as the nonpolar and the polar forms, since first detected
in CDCl3 and water-DMSO, respectively.10c The im-
portance of the extended conformational type devoid of
intramolecular hydrophobic interactions was recognized
only recently in the deconvolution of the averaged NMR
spectra of Taxol in chloroform10h and at the â-tubulin
binding site.10i,11

In an ingenious approach to the taxane pharmacoph-
ore, Ojima reported analogues where the amino acid
chain and the lipophilic ester group at C2 are merged
into a macrocyclic diester.7c,12 The activity of some of
these compounds is a highly significant finding, but its
translation into conformational terms is complicated by
the flexibility of the tether. To simplify the recognition
of the still elusive active conformation of anticancer
taxoids, we planned the synthesis of constrained ana-
logues where rotation around the bonds C2′-C3′ and
C3′-phenyl, both pivotal event in the dynamic averag-
ing observed in solution, is blocked or reduced by a short
covalent tether between the 2′-carbon and the ortho-
position of the 3′-phenyl ring.13 These compounds retain
the rich functionality of Taxol but only part of its
conformational complexity. Since the introduction of a
methyl on the 2′-position of Taxol and Taxotere is well-
tolerated in terms of activity,14 the biological evaluation
of these tethered analogues should help define a more

precise pharmacophore model for the interaction of
anticancer taxoids and tubulin.

Chemistry

Several methods have been developed to convert
cinnamic acid derivatives to the side chain of anticancer
taxoids,15 and the tethered cinnamates 3a,b were
identified as logical precursors of the side chains needed
for the synthesis of the target taxoids. The asymmetric
aminohydroxylation (AA)16 of both esters (Scheme 1)
occurred with remarkable regioselectivity but gave
essentially racemic amino alcohols, as evidenced by an
HPLC analysis of the corresponding N-decarbamoyl-N-
menthylcarbonates17 (ee ca. 0 for 4a and <10 for 4b).
Reductive decarbamoylation of the amino alcohols 4a,b,
followed by remodeling of the substitution pattern of the
heteroatoms via N-acylation and aminal formation with
2,4-dimethoxybenzaldehyde dimethylacetal,18 eventu-
ally gave the oxazolidines 6a,b. Saponification to the
corresponding acids 7a,b and coupling with 7-TES-
()triethylsilyl)-baccatin III (8) using the DCC-DMAP
protocol completed the synthesis. Kinetic resolution took

Scheme 1a

a (a) BnzOCONH2, NaOH, t-BuOCl, (DHQ)2PHAL, K2OsO2(OH)4,
n-PrOH, H2O (45% for 4a, 33% for 4b); (b) i. HCOONH4, Pd(C),
AcOH, ii. PhCOCl, NaHCO3, CH2Cl2-H2O (68% for 5a, 70% for
5b); (c) 2,4-dimethoxybenzaldehyde dimethylacetal, PPTS, toluene,
4; (d) K2CO3, MeOH-H2O; (e) i. DCC, DMAP, toluene, rt, ii. 0.1
M HCl in MeOH (29% from 5a for 9a, 24% from 5b for 9b).
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place in the esterification of the 13-hydroxyl affording,
after deprotection, the diastereomerically pure taxoids
9a,b. Kinetic resolution in the esterification of the 13-
hydroxyl of protected baccatins has been reported with
both acids and â-lactams, affording taxoids with the
natural 2R,3S configuration.19 However, unambiguous
evidence for this configuration could not be obtained by
NMR analysis of 9a,b. Since the activity of 2′-substi-
tuted taxoids is critically dependent on the configuration
at C2′ and C3′,14a and all reported cases of kinetic
resolution were observed with acylating reagents lack-
ing an R-alkyl substituent,19 the configurational assign-
ment of 9a,b was secured by an independent asymmet-
ric synthesis.

To this purpose, we capitalized on an asymmetric
dihydroxylation strategy, since the vast body of data
available on the reaction of substituted cinnamates
provides a straightforward configurational assign-
ment.20 Thus, treatment of 3a,b with the ADmix-R
afforded the diols 10a,b (Scheme 2) with satisfactory
enantioselectivity (ca. 92% ee, based on HPLC analysis
of the diastereomeric menthylcarbonates17). A straight-
forward oxygen-to-nitrogen substitution via an orthoe-
ster-mediated double inversion protocol21 was employed

for the synthesis of the side chain of the homo-taxane
9a. To this purpose, 10a was sequentially treated with
phenyl orthoformate and acetyl bromide, cleanly afford-
ing the O-benzoylated bromide 11, next treated with
NaN3 in DMF. Azide to amine reduction with concomi-
tant oxygen to nitrogen acyl rearrangement, followed
by oxazolidine formation and saponification, eventually
afforded the scalemic side chain precursor 15a. Coupling
with 7-TES-baccatin III (8) and deprotection gave a
compound identical to the one obtained from the racemic
acid 7a. Unexpectedly, the orthoester-mediated double-
inversion protocol21 failed with diol 10b, but the re-
quired bromide could be obtained via a sulfate-mediated
double-inversion strategy.22 Thus, treatment of 10b with
thionyl chloride gave a sulfite, which was oxidized to
the corresponding sulfate and nucleophilically opened
with tetrabutylammonium bromide to afford the trans-
bromohydrin 13. The synthesis was completed unevent-
fully as described for 11, providing the scalemic acid 14.
Also in this case, protection as a 2,4-dimethoxybenzyl
acetal and coupling with 7-TES-baccatin III (8) afforded,
after deprotection, a compound identical to the one
obtained from the racemic acid.

With the configurational assignment of 9a,b secured,
we went on to prepare the corresponding Taxotere
analogues and modify the active (see infra) 2′,2′′-
methylene analogue 9a by changes in the configuration
at C2′, C3′. The 2′S,3′R-acid 19 was prepared using the
same sequence used for the synthesis of its enantiomer
9a, but employing the ADmix-â for the AD step (Scheme
3). The observation that the acid 19 and 7-TES-baccatin
III (8) were essentially unreactive under standard
coupling conditions confirmed that they constitute, in
stereochemical term, a mismatched pair. Nevertheless,
under forcing conditions, coupling could be achieved,
albeit in poor yield, affording the taxoid 20.

The N-debenzoyl-N-Boc()tert-butoxycarbonyl) acids
22a,b were prepared using the sequence employed for
the synthesis of their racemic N-benzoyl analogues 7a,b
but replacing benzoyl chloride with Boc-anhydride in
the acylation step (Scheme 4). Once more, complete
kinetic resolution was observed in the coupling with 7,-

Scheme 2a

a (a) ADmix-R, t-BuOH-H2O 1:1 (65% for10a, 77% for 10b); (b)
i. trimethyl orthobenzoate, PTSA, ii. AcBr (72%); (c) i. NaN3, DMF,
45 °C, ii. H2, Pd/C, EtOH (overall 21%); (d) 2,4-dimethoxybenzal-
dehyde dimethylacetal, PPTS, toluene, ∆; (e) i. SOCl2, pyridine,
CH2Cl2, ii. NaIO4, RuCl3, MeCN, iii. (n-Bu)4NBr, Me2CO-H2O,
H2SO4 (20% from 10b); (f) i. NaN3, DMF, ii. H2, Pd/C, EtOAc, iii.
BzCl, NaHCO3, CH2Cl2-H2O (overall 87%); (g) i. 8, DCC, DMAP,
toluene, rt, ii. 0.1 M HCl in MeOH (35% from 12 for 9a, 29% from
14 for 9b).

Scheme 3a

a (a) ADmix-â, t-BuOH-H2O 1:1 (63%); (b) i. trimethyl orthoben-
zoate, PTSA, ii. AcBr (70%); (c) i. NaN3, DMF, 45 °C, ii. H2, Pd(C),
EtOH (overall 25%); (d) 2,4-dimethoxybenzaldehyde dimethylac-
etal, PPTS, toluene; (e) i. 8, DCC, DMAP, toluene, 70 °C, ii. 0.1 M
HCl in MeOH (11% from 18).
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10-di-Troc()trichloroethoxycarbonyl)-10-deacetyl-bacca-
tin III (23), affording the diastereomerically pure Tax-
otere analogues 24a,b.

Results and Discussion
Biological Evaluation. The series of five 2′,2′′-

alkylidene constrained taxoids (9a,b, 20, 24a,b) was
tested for tubulin binding and cytotoxicity. Taxol was
used as a reference compound for both assays, and the
results are presented in Table 1. Introduction of a
methylene bridge between the 2′-carbon and the ortho-
position of the 3′-phenyl gave analogues of Taxol and
Taxotere retaining strong tubulin binding and cytotox-
icity (9a and 24a, respectively). Conversely, replacement
of the methylene link with an ethylidene, as in 9b and
24b, led to a dramatic decrease of activity in both
assays, while epimerization of 9a at C2′, C3′ afforded a
practically inactive compound (20). A good correlation
between tubulin binding and cytotoxicity was observed
for all compounds.

Conformational Considerations. The activity of
the C2′, C2′′ conformationally constrained analogues of

Taxol is critically dependent on the length of the tether
and the configuration at C2′ and C3′. The excellent
antitumor activity and tubulin affinity of 2′-methyl
taxoids were fundamentally maintained in the methyl-
ene-linked compounds 9a and 24a, showing that tether-
ing of the extra C2′ methyl to the ortho-carbon of the
3′-phenyl is compatible with tubulin binding and cyto-
toxicity. A conformational hallmark of these compounds
is the perpendicular location of the mean plane through
C1′, C2′ and the 2′-hydroxyl and the 3′-phenyl plane,
the latter ring bisected by the former plane. This is an
unusual arrangement not found in other taxoids. In the
solid state, the same elements of Taxotere,23 the two
conformations of Taxol,24 and the amino acid side chain
of Taxol25 adopt alternative orientations. Furthermore,
the modest puckering of cyclopentene derivatives means
that in 9a and 24a the CH2(corresponding to H2′ of
Taxol)-C2′-C3′-Ph torsion angle has values restricted
to around +30 and -30° (Table 2). This is at the border
between the gauche and eclipsed domains and signifi-
cantly lower than those detected in the X-ray analysis
of conformationally unconstrained anticancer taxoids
(Taxol 60° and 66° (polar),24 Taxotere -61° 23). The
finding that these changes are well-tolerated in terms
of activity suggests that there may be a taxoid family
of conformers supporting a narrow window of H-C2′-
C3′-Ph dihedral angles that are ideal for tubulin
binding.

The dramatic loss of activity observed upon isomer-
ization of 9a at C2′ and C3′ closely parallels the results
observed in 2′-methyl substituted taxoids and is in sharp
contrast to what is observed in Taxol and Taxotere,
whose 2′S,3′R diastereomers retain a noteworthy activ-
ity in both cytotoxicity and binding assays.26 Apparently,
the presence of an acyclic alkyl substituent at C2′
renders the compounds unable to compensate in con-
formational terms for diastereomeric changes in the side
chain. Similarly, the sharp decrease of activity observed
in the ethylidene-linked compounds 9b and 24b is
striking. Ring puckering is expected to increase from
indans to their corresponding tetrahydronaphthalene
derivatives, translating into higher conformational bar-
riers for 9b and 24b.

Steric factors might also play a role, preventing C2′
substituents larger than a methyl group from being

Scheme 4a

a (a) i. HCOONH4, Pd(C), AcOH, ii. (Boc)2O, NaHCO3, CH2Cl2-
H2O (68% for 21a, 66% for 21b); (b) i. 2,4-dimethoxybenzaldehyde
dimethylacetal, PPTS, toluene, 4 (80%), ii. K2CO3, MeOH-H2O
(80% from 21a for 22a, 78% from 21b for 22b); (c) i. DCC, DMAP,
toluene, rt, ii. 0.1 M HCl in MeOH, iii. Zn, AcOH, MeOH (17% for
24a, 4% for 24b).

Table 1. Biological Evaluation of the 2′,2′′-Conformationally
Constrained Taxoidsa

compd
tubulin binding
(ED50/ED50(Taxol))

cytotoxicity, MCF7 cells
(ED50/ED50(Taxol))

9a 4 9
9b 42 333
20 inactive 1604
24a 7 2
24b 30 239

a The ED50 of Taxol in the tubulin assembly assay was 0.2 to
0.4 µM. The ED50 of Taxol in the cytotoxicity assay was 2 to 4
nM.

Table 2. Mole Fractions (MF) and Selected Geometric
Features for the Seven MM3* Optimized Conformations of 9a
Derived from NAMFIS Analysis in DMSO-d6 Compared with
Taxol and Taxotere Conformers.

selected dihedral angles (deg)

compd MF (%) X-2′-3′-Pha 1′-2′-3′-Ph Od1′-2′-OH

9a1 26 -37 -158 36
9a2 21 33 -85 27
9a3 15b -35 -156 38
9a4 15b -35 -157 37
9a5 12 34 -83 57
9a6 10 -37 -155 177
9a7 2 -34 -157 36
25ac 66 -58 41
25bd 60 -65 93
26e -61 -179 -2
27f -53 -170 14

a For 9a1-9a7, X ) CH2; for 25-27, X ) H. b Differences in
other dihedral angles distinguish these conformations; e.g. C12-
C13-O(ether)-C1′ and O(ether)-C1′-C2′-C3′. c The “polar” form
of Taxol, ref 23. d The extended form of Taxol, ref 23. e Taxotere,
ref 22. f T-Taxol, ref 10i.
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accommodated in the binding groove of tubulin which
recognizes the side chain of taxoids. Docking of 9a,b into
refined models of â-tubulin is supportive of this postu-
late.27

The convex shape of the baccatin core makes it
possible for R-oriented ester groups at C2, C4, and C13
to engage in hydrophobic interactions.10 In Taxol, the
flexibility of these side chains translates into a palette
of different conformations, two extremes being the so-
called “nonpolar” and “polar” conformations, where the
C2 benzoate phenyl ring clusters with the N-acyl group
and the 3′-phenyl of the amino acid side chain, respec-
tively.10 These conformations are exemplified by the
X-ray geometries of Taxol24 and Taxotere,23 but rapid
equilibration occurs in solution resulting in several
families of rotamers. In chloroform, a bias toward
“nonpolar” forms with small H2′-H3′ torsion angles is
observed,10h while the contribution of the “polar” form
with a large H2′-H3′ torsion angle is increased in
water-DMSO.10 One of the indices of these changes is
rotation around the C2′-C3′ bond. Since the 2′-2′′
tether limits rotation, the conformations of 9a,b, 20, and
24a,b might differ substantially from Taxol. Thus, the
side chain conformational behavior of these compounds
in solution was investigated by combining NOESY and
ROESY NMR experiments with NAMFIS analysis.28a,b

2-D NOEs and NAMFIS Analysis. Compound 9a,
incorporating a five-membered ring between C2′ and the
ortho-position of the C3′ phenyl ring, presented 14 cross-
peaks in its 2-D NOESY NMR spectrum in DMSO-d6.
When the peak volumes were referenced to the confor-
mationally immobile H7-H10 distance of 2.40 Å, 14
averaged intramolecular distances could be calculated
(see Experimental Section). To perform a conformational
deconvolution with the NAMFIS technique, structure
9a was subjected to a Monte Carlo conformational
search with the MM3*/GBSA/H2O force field.29a-c The
resulting 1121 optimized conformers were combined
with the NOE-derived distances by means of the NAM-
FIS least-squares fitting procedure to give seven con-
formations, 9a1-9a7, with predicted solution popula-
tions ranging from 2-26%.

The structure predicted to be most populated, 9a1
(Table 2), is pictured in Figure 1. The C13 side chain is
in an extended conformation; neither terminal phenyl
ring “collapsed” with the C2 benzoyl phenyl. A note-
worthy feature of the structure is the location of the
4-OAc methyl group above the face of the indan aro-

matic ring consistent with an upfield π-electron-induced
chemical shift of the acetate methyl and pronounced
NOEs between these groups.30 Relative to Taxol, the
4-acetyl signal in 9a is shifted upfield δ 0.51 in CDCl3
and δ 0.38 in DMSO. In 3′-alkyl analogues,31 where
π-aromatic effects are absent, and in 2′-alkyl analogues,
where altered side chain conformations appear,14a the
4-acetyl is shifted downfield relative to Taxol. The face-
on approach of the 4-acetate to the bicyclic system can
be achieved in only one possible orientation, namely
with the C3′ hydrogen directed inward with repect to
the concave shape of the diterpenolid core. At the same
time, the C13-O and C1′-C2′ bonds adopt torsional
angles that bring the indan aromatic ring over the
acetate methyl group. In 9a, strong to medium NOEs
are observed between H2′′a and the 18-methyl and
between H3′ and the 4-OAc methyl, as well as between
H3′ and H14R. Structure 9a1 fulfillls the first two NOE
observations with four proton-proton distances within
the range 2.9-3.9 Å and two H‚‚‚H separations of 2.4-
3.0 Å, respectively. Accordingly, as pictured in Figure
1, the 2′′a hydrogens are syn to Me-18 and the C3′
proton is located within the concave region of the
molecule rather than directed outward from the convex
surface. However, it should be remembered that the
NOEs are averaged across all seven conformations.
Thus, 9a3 and 9a4, assigned populations of 15% each
(Table 2), contribute to the H3′-H14R NOE cross-peaks
with distances of 3.6 and 3.1 Å, respectively. Both
likewise exhibit a face-on relationship between 4-OAc
methyl and the indan aromatic ring.

There are three additional distinctive features of the
9a NAMFIS conformations. First, all known families of
conformers are represented. Five forms, 9a1, 9a2, 9a3,
9a6 and 9a7, fall into a group characterized by the lack
of hydrophobic collapse between C2 and C3′ hydro-
phobes. Structure 9a4 (15%) resides in the “nonpolar”
category as a result of aromatic collapse between C3′-
NHCO-Ph and C2-OCO-Ph. By contrast, 9a5 (12%)
is of the “polar” type exhibiting a tight cluster among
the C2 phenyl, the indan aromatic ring, and the C4 OAc
methyl groups. Second, the indan five-membered ring
in 9a is capable of puckering to give two envelope
conformations, A and B (Figure 2). Conformers 9a2 and
9a5 belong in the A class with the benzamidophenyl
moiety in a pseudoequatorial orientation. The other five
forms in the B class present the NHCOPh group in a
pseudoaxial disposition. The observation that the sizes

Figure 1. Lowest energy conformations of 9a,b as derived by NAMFIS analysis with the diterpenoid cores depicted in a similar
orientation (a, 9a1; b, 9b1). The dotted lines indicate prominent NOE cross-peaks between C3′-H and the cross-cavity protons of
the C4-OAc methyl and C14-H.
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of the NOEs from 3′ to both 2′′a protons are unequal is
consistent with an unequal distribution of conformations
in which the benzamide group is partitioned between
pseudoaxial and pseudoequatorial locations. Third, the
available NOE data do not allow the NAMFIS decon-
volution to distinguish (C2′)C3′-NH(CO) rotamers in
which this angle falls near -90 or +90° as is in the case
for 9a3 and 9a4.

Although the spectrum of 9b was recorded in CDCl3,
some insights on the two features highlighed for 9a in
Figure 1a can be gleaned for this compound as well. A
Monte Carlo torsional MM3*/GBSA/CHCl3 search for
9b delivered 328 conformations, which, when combined
with seven NOEs and processed by a NAMFIS treat-
ment, provided four conformations with estimated popu-
lations of 59, 35, 5, and 1%. The most populated form
(9b1) is shown in Figure 1. Not surprisingly, it is very
similar to the nonpolar conformation of Taxol, illustrat-
ing hydrophobic collapse between the C2 and C3′ phenyl
groups at the bottom of the figure. Unlike 9a, however,
the 4-OAc methyl group of 9b is not found positioned
above the tetralin aromatic ring. The C13-O and C1′-
C2′ bond torsions position the C3′-amide bond near the
acetate instead. In accord, the chemical shift of this
moiety is found at 2.22 ppm, almost identical to that in
Taxol. At the same time, H3′ evidences a strong NOE
to the 4-acetate methyl indicating that H3′ is directed
into the concave hydrophobic region of the molecule. In
consequence, the 6-ring protons at 2′′a and 2′′b are
oriented syn to the C18 methyl of the terpenoid core as
is the case for 9a. Furthermore, in 9b with a six-
membered ring, the benzamide and C1′ groups appear
to be in pseudoequatorial and equatorial positions,
respectively. The NOEs and J-couplings between the
2′′a and 2′′b protons are all consistent with this ring
conformation. Thus, the preferred conformation of 9b
(Figure 1b) appears to be similar to 9a with respect to
the overall orientation of ring-fused C3′ phenyl and the
terpenoid core fragment.

Finally, do these conformations of 9a,b correspond to
potential 3-D templates for binding at the â-tubulin/
Taxol binding site? Three competing proposals have
emerged concerning the bioactive conformation of Taxol
at the â-tubulin binding pocket. On the basis of solution
NMR data and molecular modeling of nonataxel, Ojima
and co-workers proposed a pharmacophore that incor-
porates the hydrophobically collapsed polar conforma-
tion of Taxol.7c The same conformation in a different
binding mode has been presented by Li et al. via
REDOR NMR studies which utilized the electron crys-
tallographic coordinates (EC) of â-tubulin obtained
using Zn-stabilized, non-native protein sheets.10g On the
other hand, a pharmacophore model based on the
hydrophobically collapsed nonpolar conformation of
Taxol accommodates a wide range of taxoid and

epothilone SAR.7b More recently, a computationally
refined â-tubulin-paclitaxel complex, likewise taking
advantage of the EC structure, has identified an ex-
tended conformation of the drug with a C13 side chain
orientation related to the nonpolar conformation, the
T-conformation, as most consistent with the electron
crystallographic density of the Râ-tubulin dimer.2c,10i,32

To correlate the 9a conformers with these models, the
A-C rings of each of the conformers 9a5, 9a4, and 9a1
(and 9a3) (Table 2) have been superimposed on the
corresponding atoms in the structures of polar,24

nonpolar,10b and T-forms of Taxol, respectively.10i The
spatial locations of the three phenyl rings at the C2 and
C3′ termini for each of the structure pairs are very
similar. To the extent that these three motifs are
candidates for Taxol binding in microtubules, 9a and
presumably 24a are molecules that appear to sustain
NMR compatible equilibrium mixtures in solution con-
taining all of them. Thus, although C2′-C3′ torsional
opportunities have been severely limited in 9a and 24a,
the overall structures have compensated by adjustments
around C1′-C2′ and C3′-N. Indeed, while the local
geometries of 9a conformers differ from those of Taxol,
the whole-molecule properties as seen externally (e.g.
by a receptor cavity surface) have not been significantly
affected. Consequently, although cyclization around C2′
and C3′ induces an unusual geometry at the terminus
of the C13 side chains in 9a and 24a, the capacity of
the compounds to adopt each of the three proposed Taxol
binding conformers implies that the present series of
constrained Taxol analogues cannot distinguish among
the protein binding possibilities within the context of
ligand considerations alone. In fact, this observation
appears to be more broadly based. The NAMFIS study
of Taxol in CDCl3 likewise extracted members of the
three conformational families.10h

Summary and Conclusions
The introduction of a tether between C2′ and the

ortho-position of the C3′ phenyl ring in Taxol and
Taxotere produces compounds that are only slightly less
active than Taxol in both tubulin polymerization and
cytotoxicity assays (Table 1). Tolerance for structural
deviation, however, is not high. Both tether lengthening
and stereoinversion at C2′ and C3′ compromise activity.
Conformational analysis coupled to 2-D NMR through
the NAMFIS procedure illustrates that the active
structures, 9a and presumably 24a, are characterized
by a family of rapidly interconverting conformations.
Among the seven conformers of 9a compatible with
solution NMR properties are found all three major
types: polar, nonpolar, and extended conformations.
The extended category constitutes 73% of the total
mixture, while 59% of this fraction (47% of the total) is
found in the T-form (i.e. 9a1, 9a3, and 9a7).

Above we reviewed recent reports concerning the
three hypotheses for the binding conformation of Taxol
at the â-tubulin binding site. Two of them, the polar
and nonpolar conformers, derive from pharmacophore
models that consider the SAR of the ligands alone as a
guide to the shape of the protein binding site. The fact
that both nonpolar7b and polar7c models are able to
correlate a large body of taxoid and epothilone SAR
illustrates that such constructs do not converge to a
unique view of the protein-ligand complex. The situa-

Figure 2. Envelope conformations of the indan system of 9a,
with the benzamido group pseudoaxial (A) or pseudoequatorial
(B).
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tion is parallel to the point expressed above concerning
9a. In the absence of a constraining protein framework,
individual ligands can adopt a range of relatively low
energy conformations. Thus, in the present context, we
believe that while pharmacophore models are useful,
they incorporate significant limitations in their abilities
to predict the bioactive conformation. This leaves the
Li et al. proposal as the primary support for the polar
conformation based on REDOR measurements within
the tubulin-ligand complex.10g However, T-Taxol like-
wise fulfills the geometric requirements of these mea-
surements.32 Since the polar conformation does not fit
the electron crystallographic density at the binding
cavity of â-tubulin while the T-conformer does,10i we
currently favor the latter as the best candidate for the
bioactive conformation of taxoid drugs. Under this
assumption, the dominant conformation of the con-
strained analogue 9a (9a1) is superbly suited to mimic
T-taxol in the binding site. As mentioned above, docking
experiments with this structure28 and a refined model
of Râ-tubulin are in full accord with this viewpoint.

Biological analogues of Taxol belonging to six distinct
structural types have been discovered within the natu-
ral product pool (epothilones,6a discodermolide,6b eleuth-
sides,6c rhazinilam,6d laulimalides,6e WS9885B,6f and
polyisoprenylated benzoylphloroglucinols6g). A structur-
ally simple mimic of Taxol has also been discovered
while screening a library of synthetic compounds for
antimitotic activity,33 and a competitive inhibitor of
Taxol binding to microtubules has been reported.34 All
these compounds share a common recognition site on
tubulin, and an enormous amount of work has been
devoted to the identification of a common pharmacoph-
ore, assessing the structural elements responsible for
this type of activity. The discovery of conformationally
constrained analogues of Taxol substantially retaining
the biological activity of the natural product is a
significant addition to this research database and
underscores the relevance of conformational point mu-
tations to focus on the 3-D elements underlying the
microtubule-stabilizing activity of taxoids.

Experimental Section

General Methods. Anhydrous conditions were achieved
(when indicated) by flame-drying flasks and equipments.
Reactions were monitored by TLC on Merck 60 F254 (0.25 mm)
plates, which were visualized with 5% H2SO4 in EtOH and
heating. Merck silica gel (70-230 mesh) was used for open-
column chromatography (CC). A Waters microPorasil HP
hypersyl column, 5 µm, 200 × 2.1 mm was used for HPLC,
with detection by a Waters diode matrix DAD detector. Melting
points were obtained on a Büchi SMP-20 apparatus and are
uncorrected. 1H NMR (300 MHz) and 13C NMR (75 MHz)
spectra were recorded on a Bruker AC-300 spectrometer at
25 °C. ROESY spectra were recorded at 25 °C in DMSO-d6

and NOESY spectra were recorded at -10 °C in DMSO-d6-
D2O (3:1) on a Bruker AM-500 NMR spectrometer (500.13
MHz for 1H). The spectra were fully assigned using HMBC on
a Bruker Advance 400 (400.13 MHz for 1H). The purity of all
the final products (9a, 9b, 20, 24a and 24b) was assayed by
HPLC on a Water microPorasil column (0.8 × 30 cm), with
detection by a Waters differential refractometer 340, using
hexanes-EtOAc 4:6 (system A) and CHCl3-acetone 3:1 (sys-
tem B) as eluant. The values of tR and purity were as follows:
9a: tR(A) ) 14.8 min, tR(B) ) 19.3 min, purity 97%; 9b: tR(A)
) 15.0 min, tR(B) ) 19.6 min, purity 98%; 20: tR(A) ) 14.7
min, tR(B) ) 19.0 min, purity 96%; 24a: tR(A) ) 14.3 min, tR-

(B) ) 19.2 min, purity 97%; 24b: tR(A) ) 14.5 min, tR(B) )
19.5 min, purity 96%.

Biological Assays. Cytotoxicity and tubulin binding were
carried out according to established literature protocols.35

Materials. Commercially available reagents and solvents
were used without further purification. CH2Cl2 was dried by
distillation from CaH2 and THF by distillation from Na-
benzophenone. 10-Deacetylbaccatin III was a generous gift
from Indena, Milano, Italy. The tethered cinnamates 3a,b were
prepared according to literature procedures.36,37

Synthesis of Ethyl 2,2′-Methylidene-N-benzoylphe-
nylisoserine (5a) and Ethyl 2,2′-Ethylidene-N-benzoylphe-
nylisoserine (5b) via Asymmetric Aminohydroxylation.
Synthesis of 5b as Representative. (a) To a stirred solution
of benzyl carbamate (2.32 g, 15.3 mmol) in 2-propanol (20 mL),
a solution of NaOH (604 mg) in water (37 mL), tert-butyl
hypochlorite (1.73 mL) and (DHQ)2PHAL (198 mg) in 2-pro-
panol (17.3 mL) were sequentially added. After stirring at room
temperature for 10 min, ethyl 3,4-dihydronaphthalene-2-
carboxylate (1 g, 4.95 mmol) was added, followed by K2OsO2-
(OH)4 (73 mg). After stirring at room temperature for 7 h, the
reaction was worked up by cooling in a ice bath and addition
of saturated Na2SO3 (49.5 mL). After further stirring for 15
min, the reaction mixture was extracted with EtOAc, and the
organic phase was washed with brine, dried (Na2SO4) and
evaporated. The residue was chromatographed on silica gel
(hexanes-EtOAc 4:1) to give 610 mg 4b as a gum (33%): [R]D

25

ca. 0 (CHCl3, c 1.0); IR (neat) 1740, 1650, 1250, 1010, 990 cm-1;
HRMS m/z 369.1566 (calcd for C21H23NO5, 369.1576); 1H NMR
(300 MHz, CDCl3) δ 8.03 (br m, 1H), 7.52 (br m, 1H), 7.30 (m,
2H), 5.13 (s, 1H), 4.38 (br d, J ) 5.9 Hz, 1H), 4.28 (br s, 1H),
4.20 (q, J ) 7.4 Hz, 2H), 3.11 (m, 1H), 2.70 (m, 1H), 2.23 (m,
1H), 1.20 (t, J ) 7.4 Hz, 3H).

(b) To a solution of 4b (547 mg, 1.49 mmol) in AcOH (23
mL), ammonium formate (375 mg) and 10% Pd on charcoal
(257 mg) were added. After standing at room temperature for
4.5 h, the reaction mixture was filtered over Celite and
evaporated under reduced pressure. The residue was parti-
tioned between aqueous saturated NaHCO3 and EtOAc, and
the organic phase was dried (Na2SO4) and evaporated. The
residue was dissolved in CH2Cl2 (5 mL), and sequentially
treated with an aqueous solution of NaHCO3 (191 mg in 5 mL)
and benzoyl chloride (166 µL, 1.43 mmol, 1.2 mol equiv). After
stirring at room temperature for 3 h, the reaction was worked
up by extraction with CH2Cl2. The organic phase was dried
(Na2SO4) and evaporated. The residue was purified by CC
(hexanes-EtOAc gradient, from 8:2 to 7:3) to give 354 mg 5b
(70% from 4b), having [R]D

25 ca. 0. For the other physical and
spectroscopic data of 5b, see 14. The optical purity of 5a,b was
established as detailed for 10a (see infra), and the observed
ee were ca. 0 and <10%, respectively. Coupling of 5a,b to
7-triethylsilylbaccatin was carried out as described for 14 (see
infra), employing a 2-fold excess of acid compared to 8.

(1S,2R)-Ethyl 1,2-Dihydroxyindan-2-carboxylate (10a).
To a solution of ADmix-R (14 g) in water-tert-butyl alcohol
(1:1, 100 mL), ethyl indene-2-carboxylate (1.88 g, 10 mmol)
was added in small portions over 5 min. After stirring at room
temperature overnight, the reaction was worked up by the
addition of solid Na2SO3 (12 g), stirring at room temperature
for 1 h, and extraction with CH2Cl2. After drying (MgSO4),
filtration, and removal of the solvent, the residue was purified
by CC (hexanes-EtOAc 8:2) to afford 1.4 g (64.5%) 10a as a
viscous yellowish oil: [R]D

25 -15.0 (CHCl3, c 1.0); IR (neat)
3400, 1738, 1370, 1250, 1220 cm-1; HRMS m/z 222.0886 (calcd
for C12H14O4, 222.0892); 1H NMR (300 MHz, CDCl3) δ 7.50-
7.18 (m, H-4, H-5, H-6, H-7), 5.37 (br s, H-1), 4.34 (q, J ) 7.2
Hz, OEt), 3.78 (s, 2-OH), 3.50 (d, J ) 16.2 Hz, H-3a), 3.10 (d,
J ) 16.2 Hz, H-3b), 2.89 (br s, 1-OH), 1.34 (t, J ) 7.2 Hz, OEt).
The optical purity of 10a was determined as follows: to a
cooled (0 °C) solution of 10a (10 mg, 0.045 mmol) in dry THF
(0.5 mL) TEA (9.4 µL, 6.83 mg, 0.067 mmol, 1.25 mol equiv)
and menthylchloroformate (10.7 µL, 10.9 mg, 0.05 mmol, 1.1
mol equiv in 0.5 mL dry THF) were added dropwise. After
stirring 1 h at 0 °C, the cooling bath was removed, and stirring
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was continued for 1 h, during which a white precipitate was
formed. The reaction was then worked up by removal of the
solvent and partition between Et2O and 10% NaOH. After
drying (MgSO4) and evaporation, the residue was analyzed by
HPLC (hexanes-EtOAc 95:5 as eluant; flow 0.7 mL/min),
obtaining two peaks having identical UV spectra at tR ) 3.01
and 4.33, in a 96:4 ratio (ee ) 92%): 1H NMR (major isomer,
300 MHz, CDCl3) δ 7.31 (m, 4H), 6.14 (s, 1H), 4.58 (dt, J )
10.7, 4.6 Hz, 1H), 4.33 (q, J ) 7.1 Hz, 2H), 3.53 (d, J ) 16.2
Hz, 1H), 3.19 (d, J ) 16.2 Hz, 1H), 2.10 (m, 1H), 1.98 (m, 1H),
1.70 (m, 2H), 1.44 (m, 2H), 1.32 (t, J ) 7.1 Hz, 3H), 1.12 (m,
2H), 0.95 (d, J ) 7.0 Hz, 3H), 0.89 (d, J ) 5.8 Hz, 3H), 0.81 (d,
J ) 5.8 Hz, 3H).

(1R,2S)-Ethyl 1-Bromo-2-benzoyloxyindan-2-carboxy-
late (11). To a solution of 10a (3.02 g, 13.6 mmol) in dry CH2-
Cl2 (25 mL), p-toluenesulfonic acid monohydrate (25 mg, 0.136
mmol) and trimethyl orthobenzoate (3.04 mL, 3.22 g, 17.7
mmol, 1.3 mol equiv) were added. After stirring at room
temperature for 3 h, the solvent was removed, leaving a
yellowish oil. The latter was dissolved in dry CH2Cl2 (25 mL)
and cooled to -15 °C. Acetyl bromide was then added (1.71
mL, 2 g, 16.3 mmol, 1.1 mol equiv). After stirring at - 15 °C
for 3 h, further trimethyl orthobenzoate (0.29 mL) and acetyl
bromide (0.16 mL) were added, and stirring was continued at
- 15 °C for 1 h. The cooling bath was then removed, and the
reaction mixture was allowed to warm to room temperature,
and worked up by evaporation. The residue was purified by
CC (hexanes-EtOAc gradient, from 95:5 to 9:1) to afford 11
as a foam (3.80 g, 72%): 1H NMR (200 MHz, CDCl3) δ 7.93
(Bz AA′), 7.60-7.20 (m, Bz BB′ + H-4, H-5, H-6, H-7), 5.68 (s,
H-1), 4.33 (q, J ) 7.5 Hz, OEt), 4.27 (d, J ) 17.6 Hz, H-3a),
3.46 (d, J ) 17.6 Hz, H-3b), 1.30 (t, J ) 7.5 Hz, OEt).

(1S,2R)-Ethyl 1-Benzoylamino-2-hydroxyindan-2-car-
boxylate (12). To a solution of 11 (4 g, 10.3 mmol) in dry DMF
(16 mL), an excess NaN3 (2.68 g, 41 mmol) was added, and
the solution was heated at 50 °C for 36 h. The reaction was
worked up by dilution with Et2O (50 mL) and washing with
water (3 × 40 mL), After drying (MgSO4) and filtration, the
organic phase was evaporated, and the residue dissolved in
dry EtOH (40 mL) and hydrogenated at ambient pressure in
the presence of 10% Pd on charchoal (1.2 g) for 36 h. After
filtration, the solution was left standing at room temperature
for 48 h, and then evaporated. The residue was purified by
CC (silica gel, hexanes-EtOAc gradient, from 85:15 to 7:3) to
get 12 (700 mg, 21%) as a foam: [R]D

25 +11 (CHCl3, c 1.1); IR
(KBr) 3391, 1731, 1651, 1580, 1519, 1339, 1231 cm-1; LC-
MS (ESI) 348.0 (M + Na+); 1H NMR (300 MHz, CDCl3) δ 7.80
(Bz AA′), 7.40-7.60 (m, Bz BB′, Bz C), 7.26 (br s, H-4, H-5,
H-6, H-7), 6.80 (d, J ) 9.3 Hz, NH), 6.09 (d, J ) 9.3 Hz, H-1),
4.36 (q, J ) 7.2, OEt), 3.64 (d, J ) 16.3 Hz, H-3a), 3.14 (d, J
) 16.3 Hz, H-3b), 1.35 (t, J ) 7.2 Hz, OEt); 13C NMR (75.4
MHz, CDCl3) δ 175.0 (s), 167.7 (s), 140.0 (s), 139.0 (s), 133.9
(s), 131.8 (d), 128.6 (d), 128.4 (d), 127.4 (d), 127.2 (d), 124.9
(d),123.9 (d), 82.3 (s), 63.0 (d), 61.1 (t), 43.8 (t), 14.1 (q).

2′,2′′-Methylenepaclitaxel (9a). To a solution of 12 (100
mg, 0.31 mmol, 2 mol equiv) in dry toluene (2.5 mL), pyri-
dinium p-toluenesulfonate (PPTS; 5 mg) and a solution of 2,4-
dimethoxybenzaldehyde dimethylacetal (140 mg, excess) in dry
toluene (0.5 mL) were added. The reaction was refluxed in a
Dean-Stark apparatus for 2 h, and then worked up by removal
of the solvent and partition between CH2Cl2 and water. The
organic phase was dried (MgSO4), filtered and evaporated. The
residue was dissolved in methanol (4.5 mL) and a solution of
K2CO3 (103 mg) in water (2.2 mL) was added. After stirring
at room temperature for 30 min., the reaction was worked up
by removal of the solvent and partition between water and
EtOAc. The aqueous phase was acidified with 5% KHSO4 and
extracted with EtOAc. After washing with brine, drying
(MgSO4) and evaporation, the unstable residue was dissolved
in dry toluene (5 mL) and directly coupled with 7-triethylsi-
lylbaccatin III38 (108.6 mg, 0.155 mmol, 0.5 mol equiv) in the
presence of DMAP (16.5 mg, 0.135 mmol) and DCC (76 mg,
0.37 mmol). After stirring at room temperature for 6 h, the
reaction was worked up by evaporation, and the residue was

taken up in 0.1 M methanolic HCl. After stirring 1 h at room
temperature, the reaction was evaporated, and the residue
purified by CC (silica gel, 2% MeOH in hexanes-EtOAc 1:1)
to afford 47 mg (35% from 12) 9a as a colorless powder: mp
254 °C; [R]D

25 -48 (CHCl3, c 0.70); IR (KBr) 1745, 1457, 1383,
1203, 720 cm-1; HRMS-FAB m/z 866.3386 (calcd for C48H51-
NO14 + H+ 866.3388); 1H NMR (300 MHz, CDCl3) δ 8.08 (AA′
OBz), 7.80 (AA′ NHBz), 7.60-7.40 (m, BB′OBz, C OBz, BB′
NHBz, C NHBz), 7.33 (m, H-3′′, H-4′′, H-5′′, H-6′′), 6.78 (d, J
) 9.0 Hz, NH), 6.42 (br t, J ) 9.2 Hz, H-13), 6.29 (s, H-10),
6.10 (d, J ) 9.0 Hz, H-3′), 5.69 (d, J ) 7.3 Hz, H-2), 4.85 (br d,
J ) 9.9 Hz, H-5), 4.37 (dd, J ) 10.8, 6.8 Hz, H-7), 4.25 (d, J )
8.4 Hz, H-20R), 4.16 (d, J ) 8.4 Hz, H-20â), 3.83 (d, J ) 16.5
Hz, 2′,2′′-CH2R), 3.79 (d, J ) 7.3 Hz, H-3), 3.30 (d, J ) 16.5
Hz, 2,2′′ CH2â), 2.50 (ddd, J ) 14.9, 9.9, 6.8 Hz, H-6R), 2.44
(dd, J ) 15.4, 9.2 Hz, H-14b), 2.35 (dd, J ) 15.4, 9.2 Hz, H-14a),
2.24 (s, 10-OAc), 1.93 (br s, H-18), 1.87 (s, 4-OAc), 1.85 (ddd,
J ) 14.9, 11.0, 2.2 Hz, H-6b), 1.67 (s, H-19), 1.30 (s, H-17),
1.16 (s, H-16); 13C NMR (75 MHz, CDCl3) δ 203.6 (s, C-9), 175.1
(s, C-1′), 171.3 (s, 10-OAc), 170.4 (s, 4-OAc), 168.0 (s, NHBz),
166.9 (s, OBz), 142.0 (s, C-12), 139.1 (s, C-2′′), 138.8 (s,
i-NHBz), 133.6 (d, p-OBz), 133.4 (s, C-1′′), 133.1 (s, C-11), 132.1
(d, C-4′′), 130.2 (d, o-OBz), 129.1 (d, C-5′′), 129.1 (s, i-OBz),
128.7 (d, m-NHBz), 128.7 (d, m-OBz), 127.9 (d, p-NHBz), 127.2
(d, o-NHBz), 125.2 (d, C-3′′), 123.8 (d, C-6′′), 84.4 (d, C-5), 82.1
(d, C-2′), 81.2 (s, C-4), 78.9 (s, C-1), 76.6 (t, C-20), 75.6 (d, C-10),
74.9 (d, C-2), 72.6 (d, C-13), 72.3 (d, C-7), 61.7 (d, C-3′), 58.7
(s, C-8), 45.6 (d, C-3), 43.9 (t, 2′(2′′)-CH2), 43.3 (s, C-15), 35.7
(t, C-6 + C-14), 26.9 (q, C-17), 21.9 (q, C-16), 21.7 (4-OAc),
20.9 (10-OAc), 15.0 (q, C-18), 9.5 (q, C-19).

(1S,2R)-Ethyl 1,2-Dihydroxytetrahydronaphthalene-
2-carboxylate (10b). To a solution of ADmix-R (14 g) in
water-tert-butyl alcohol (1:1, 100 mL), ethyl 3,4-dihydronaph-
thalene-2-carboxylate (2.02 g, 10 mmol) was added in small
portions over 5 min. After stirring at room temperature
overnight, the reaction was worked up by addition of solid Na2-
SO3 (12 g), stirring at room temperature for 1 h, and extraction
with CH2Cl2. After drying (MgSO4), filtration, and removal of
the solvent, the residue was purified by CC (hexanes-EtOAc
8:2) to afford 1.8 g (77%) 10b as an amorphous solid: [R]D

25

-42.9 (CHCl3, c 1.0); IR (Nujol) 3413, 1720, 1376, 1269, 1235
cm-1; EI-MS (70 eV) 236 (M+), 218, 200, 172, 162, 120; 1H NMR
(300 MHz, CDCl3) δ 7.58 (d, J ) 7.5, H-9), 7.20 (m, H-7, H-8),
7.09 (d, J ) 7.3 Hz, H-5), 5.00 (br d, J ) 11.1 Hz, H-1), 4.31
(q, J ) 7.1 Hz, OEt), 3.59 (s, 2-OH), 3.12 (ddd, J ) 17.0, 12.5,
6.0 Hz, H-4a), 2.74 (ddd, J ) 17.0, 6.0, 2.0 Hz, H-4b), 2.56 (br
d, J ) 11.2 Hz, 1-OH), 2.20 (ddd, J ) 13.7, 12.6, 6.0 Hz, H-3a),
2.02 (ddd, J ) 13.7, 6.0, 2.0 Hz, H-3b), 1.32 (t, J ) 7.1 Hz,
OEt). The optical purity of 10b was determined as described
for 10a, giving an ee value of 93%.

(1R,2S)-Ethyl 1-Bromo-2-hydroxytetrahydronaphtha-
lene-2-carboxylate (13). To a stirred and cooled (0 °C)
solution of 10b (945 mg, 4.0 mmol) in dry CH2Cl2 (60 mL),
pyridine (967 µL, 948 mg, 12 mmol, 3 mol equiv) and thionyl
chloride (408 µL, 5.6 mmol, 1.4 mol equiv) were added. After
stirring at 0 °C for 10 min., the reaction mixture was filtered
on a silica gel pad, and evaporated. The crude sulfite was
dissolved in acetonitrile (40 mL) and treated with NaIO4 (1.284
g, 6 mmol, 1.5 mol equiv) and a solution of RuCl3‚H2O (10 mg,
0.04 mmol) in water (8 mL). After stirring for 15 min at room
temperature, the reaction was worked up by dilution with
water, extraction with ether and filtration over silica gel. After
drying (Na2SO4) and evaporation of the solvent, the crude and
unstable sulfate was dissolved in acetone-water (15 mL, 1:1)
and treated with an excess nBu4NBr (3.380 g, 10.4 mmol, 2.6
mol equiv). After stirring 2 h at room temperature the reaction
was worked up by concentration under vacuum to remove most
acetone and treatment with 20% H2SO4 (8.5 mL) and ether
(10.5 mL). After vigorous stirring for 30 min., the phases were
separated, and the aqueous layer was further extracted with
ether. The pooled organic phases were dried (Na2SO4) and
evaporated, and the residue was purified by CC (silica gel,
hexanes-EtOAc 9:1) to give 243 mg 13 (20%) as an amorphous
glass: EI-MS (70 eV) 301, 299 (M+), 274, 272, 220, 219; 169;
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1H NMR (300 MHz, CDCl3) δ 7.35 (m, H-8), 7.19 (m, H-6, H-7),
7.12 (m, H-5), 5.19 (s, H-1), 4.31 (q, J ) 7.1 Hz, OEt), 3.03 (m,
H-4a, H-4b), 2.65 (m, H-3a), 2.16 (m, H-3b), 1.33 (t, J ) 7.1
Hz, OEt).

(1S,2R)-Ethyl 1-Benzoylamino-2-hydroxytetrahy-
dronaphthalene-2-carboxylate (14). To a stirred solution
of 13 (543 mg, 1.82 mmol) in dry DMF, NaN3 (471 mg, 7.24
mmol, 4 mol equiv) was added, and the solution was stirred
10 min. at 50 °C. The reaction was worked up by addition of
ice and extraction with Et2O. After drying (MgSO4), the organic
phase was evaporated, and the residue was purified by CC
(silica gel, hexanes-EtOAc 4:1) to afford 60 mg (13%) of the
corresponding azide. To a solution of the latter (284 mg, 1.19
mmol) in EtOAc (20 mL), Pd on charcoal (50 mg) was added,
and the mixture was hydrogenated at room temperature and
atmospheric pressure for 4 h. After filtration over Celite and
evaporation, the residue was dissolved in CH2Cl2 (5 mL), and
an aqueous solution of NaHCO3 (191 mg in 5 mL) and benzoyl
chloride (166 µL, 201 mg, 1.43 mmol, 1.2 mol equiv) were
added. After vigorous stirring for 3 h, the phases were
separated, and the aqueous phase was extracted with CH2-
Cl2. The pooled organic phases were dried (Na2SO4) and
evaporated, to afford 536 mg (87%) 14 as an amorphous solid:
[R]D

25 45.2 (CHCl3, c 1.4); IR (Nujol) 3385, 1730, 1655, 1340,
1225 cm-1; LC-MS (ESI) 362.0; 1H NMR (300 MHz, CDCl3) δ
7.77 (m, 2H), 7.26 (m, 1H), 7.15 (m, 3H), 6.73 (d, J ) 9.5 Hz,
1H), 5.86 (d, J ) 9.5 Hz, 1H), 4.27 (m, 2H), 3.19 (ddd, J )
16.8, 12.8, 5.7 Hz, 1H), 2.83 (ddd, J ) 16.8, 5.8, 2.0 Hz, 1H),
2.36 (ddd, J ) 13.7, 12.8, 5.8 Hz, 1H), 2.04 (ddd, J ) 13.7, 5.7,
2.2 Hz, 1H), 1.28 (t, J ) 7.2 Hz, 3H).

2′,2′′-Ethylidenepaclitaxel (9b). To a solution of 14 (406
mg, 1.2 mmol, 2 mol equiv) in dry toluene (5 mL), PPTS (10
mg) and a solution of 2,4-dimethoxybenzaldehyde dimethy-
lacetal (537 mg) in dry toluene (1 mL) were added. The reaction
was refluxed in a Dean-Stark apparatus for 2 h, and then
worked up by removal of the solvent and partition between
CH2Cl2 and water. The organic phase was dried (MgSO4),
filtered and evaporated. The residue was dissolved in methanol
(10 mL) and a solution of K2CO3 (395 mg) in water (8.5 mL)
was added. After stirring at room temperature for 30 min.,
the reaction was worked up by removal of the solvent and
partition between water and EtOAc. The aqueous phase was
acidified with 5% KHSO4 and extracted with EtOAc. After
washing with brine, drying (MgSO4) and evaporation, the
unstable residue was dissolved in dry toluene (19 mL) and
directly coupled with 7-triethylsilylbaccatin III (414 mg, 0.60
mmol) in the presence of DMAP (63 mg, 0.51 mmol) and DCC
(291 mg, 1,42 mmol, 1.2 mol equiv). After stirring at room
temperature overnight, the reaction was worked up by evapo-
ration, and the residue was taken up in 0.1 M methanolic HCl.
After stirring 1 h at room temperature, the reaction was
evaporated, and the residue purified by CC (silica gel, 2%
MeOH in hexanes-EtOAc 1:1) to afford 301 mg (29%) 9b as a
colorless powder: mp 254 °C; [R]D

25 3.3 (CHCl3, c 0.73); IR
(KBr) 1745, 1457, 1383, 1203, 720 cm-1; HRMS-FAB m/z
880.3577 (calcd for C49H54NO14 + H+ 880.3544); 1H NMR (300
MHz, CDCl3) δ 8.22 (AA′ OBz), 7.71 (AA′ NHBz), 7.60-7.40
(m, BB′OBz, C OBz, BB′ NHBz,), 7.34 (C NHBz), 7.23 (m, H-3′′,
H-4′′, H-5′′, H-6′′), 6.76 (d, J ) 9.6 Hz, NH), 6.35 (br t, J ) 9.2
Hz, H-13), 6.26 (s, H-10), 5.96 (d, J ) 9.0 Hz, H-3′), 5.66 (d, J
) 7.3 Hz, H-2), 4.86 (br d, J ) 8.9 Hz, H-5), 4.38 (dd, J )
10.8, 6.8 Hz, H-7), 4.25 (d, J ) 8.4 Hz, H-20R), 4.20 (d, J ) 8.4
Hz, H-20â), 3.80 (d, J ) 7.3 Hz, H-3), 3.27 (m, 2′,2′′-ethylidene),
2.92 (dd, J ) 16.8, 4.5 Hz, 2′,2′′-ethylidene), 2.48 (m, H-6R,
Η-14R, 2′,2′′-ethylidene), 2.32 (s, 10-OAc), 2.22 (s, 4-OAc), 2.20
(m, H-14â, 2′,2′′ethylidene), 1.87 (br s, H-18), 1.85 (m, H-6â),
1.68 (s, H-19), 1.24 (s, H-17), 1.12 (s, H-16); 13C NMR (75 MHz,
CDCl3) δ 203.7 (s, C-9), 175.6 (s, C-1′), 171.3 (s, 10-OAc), 171.0
(s, 4-OAc), 167.3, 167.1 (s, NHBz + OBz), 142.1 (s, C-12), 135.6
(s, C-2′′), 133.8 (d, p-OBz), 133.7, 133.6, (s, NHBz + C-1′′),
132.9 (C-11), 131.9 (d, pNBz), 130.4 (d, o-OBz), 129.2 (s, i-OBz),
128.8, 128.7 (d, m-NHBz + m-OBz), 127.6, 127.3, 127.1, 126.9
(d, C-3′′ + C-4′′ + C-5′′ + C-6′′), 84.5 (d, C-5), 81.1 (d, C-4),
79.2 (s, C-1), 76.7 (t, C-20), 75.5 (d, C-10), 75.1 (d, C-2 + C-2′),

72.3, 72.2 (d, C-13 + C-7), 58.6 (s, C-8), 51.9 (d, C-3′), 45.5 (d,
C-3), 43.2 (s, C-15), 35.8, 35.6 (t, C-6, C-14), 31.8 (t, 2′,2′′-
ethylidene), 26.9(q, C-17), 24.6 (t, 2′,2′′-ethylidene), 22.7 (OAc),
22.3 (C-16), 20.9 (OAc), 14.9 (C-18), 9.6 (C-19).

2′,2′′-Methylene-2′,3′-epipaclitaxel (20). To a solution of
19 (138 mg, 0.31 mmol, 2 mol equiv, prepared from 3a as
described for 9a but employing ADmix-â for the dihydroxyla-
tion step (ee of the diol: 92%)) in dry toluene (12.5 mL), DMAP
(37 mg, 0.31 mmol, 2 mol equiv), 7-triethylsilylbaccatin III (8)
(108 mg, 0.155 mmol) and DCC (166 mg, 0.8 mmol, 5.1 mol
equiv) were added, and the reaction was stirred at room
temperature overnight and then heated at 70 °C for 1 h. After
cooling, the reaction was filtered, and evaporated. The residue
was taken up in 0.1 M methanolic HCl (21 mL). After stirring
1.5 h at room temperature, the reaction was evaporated, and
the residue purified by CC (silica gel, hexanes-EtOAc 1:1) to
afford 31 mg (11%) 20 as a foam: [R]D

25 -100 (CHCl3, c 0.80);
IR (KBr) 1716, 1653, 1488, 1373, 1241, 751 cm-1; HRMS-FAB
m/z 866.3380 (calcd for C48H51NO14 + H+ 866.3388); 1H NMR
(300 MHz, CDCl3) δ 8.08 (AA′ OBz), 7.63-7.40 (overlapped
m, AA′ NHBz, BB′OBz, C OBz, BB′ NHBz, C NHBz), 7.33 (m,
H-3′′, H-4′′, H-5′′, H-6′′), 6.81 (d, J ) 8.0 Hz, NH), 6.38 (br t,
J ) 8.8 Hz, H-13), 6.28 (s, H-10), 6.18 (d, J ) 8.8 Hz, H-3′),
5.66 (d, J ) 7.1 Hz, H-2), 4.88 (br d, J ) 9.6 Hz, H-5), 4.40
(dd, J ) 10.8, 6.7 Hz, H-7), 4.25 (d, J ) 8.8 Hz, H-20R), 4.12
(d, J ) 8.8 Hz, H-20â), 3.80 (d, J ) 7.3 Hz, H-3), 3.65 (d, J )
16.3 Hz, 2′,2′′-CH2R), 3.27 (d, J ) 16.3 Hz, 2,2′′ CH2â), 2.51
(m, H-6R), 2.28 (m, H-14a + H-14b), 2.21 (s, 10-OAc), 2.00 (br
s, H-18), 1.91 (s, 4-OAc), 1.83 (m, H-6â), 1.65 (s, H-19), 1.30
(s, H-17), 1.14 (s, H-16); 13C NMR (75 MHz, CDCl3) δ 203.7 (s,
C-9), 175.1 (s, C-1′), 171.2 (s, 10-OAc), 169.8 (s, 4-OAc), 167.5
(s, NHBz), 167.2 (s, OBz), 142.8 (s, C-12), 139.7 (s, C-2′′), 138.2
(s, i-NHBz), 133.8 (d, p-OBz), 132.5 (s, C-1′′), 132.0 (d, C-4′′),
130.9 (s, C-11), 130.0 (d, o-OBz), 129.1 (d, C-5′′), 129.0 (s,
i-OBz), 128.7 (d, m-NHBz), 128.7 (d, m-OBz), 128.0 (d, p-
NHBz), 127.1 (d, o-NHBz), 124.9 (d, C-3′′), 124.4 (d, C-6′′),
84.5 (d, C-5), 82.2 (d, C-2′), 81.2 (s, C-4), 79.4 (s, C-1), 76.5 (t,
C-20), 75.5 (d, C-10), 75.0 (d, C-2), 72.9 (d, C-13), 72.2 (d, C-7),
61.1 (d, C-3′), 58.6 (s, C-8), 45.5 (d, C-3), 44.5 (t, 2′(2′′)-CH2),
43.2 (s, C-15), 35.9, 35.6 (t, C-6 + C-14), 27.0 (q, C-17), 22.1
(q, C-16), 21.7 (4-OAc), 20.8 (10-OAc), 15.1 (q, C-18), 9.6 (q,
C-19).

Synthesis of (()-2,2′-Methylidene-N-(tert-butoxycar-
bonyl)phenylisoserine (21a) and (()-2,2′-Ethylidene-N-
(tert-butoxycarbonyl)phenylisoserine (21b). Synthesis of
21b as Representative. Compound (()4b was reductively
deacylated as described for the synthesis of 5b. To a solution
of the crude deacylated product (307 mg, 1.3 mmol) in CH2Cl2

(4.5 mL), aqueous NaHCO3 (158 mg in 4.5 mL) and tert-
butoxycarbonylpyrocarbonate (Boc2O; 284 mg, 1.3 mmol, 1 mol
equiv) were added. After stirring at room temperature for 5
h, further solid NaHCO3 (23 mg) and Boc2O (38 mg) were
added, and stirring was continued overnight. After separation
of the two phases, the water phase was extracted with CH2-
Cl2, and the pooled organic phases were dried (Na2SO4) and
evaporated. The residue was purified by CC (hexanes-EtOAc
gradient, from 9:1 to 8:2), 289 mg 21b were obtained (66%) as
an amorphous solid: [R]D

25 9.2 (CHCl3, c 1.1); IR (Nujol) 1731,
1678, 1528, 1250, 1173 cm-1; LC-MS (ESI) 358.4 (M + Na+);
1H NMR (300 MHz, CDCl3) δ 7.26 (m, 1H), 7.16 (m, 2H), 7.09
(m, 1H), 5.26 (br d, J ) 10.2 Hz, 1H), 5.07 (br d, J ) 10.2 Hz,
1H), 4.27 (m, 2H), 3.12 (ddd, J ) 16.8, 12.7, 5.7 Hz, 1H), 2.76
(ddd, J ) 16.8, 6.0, 2.2 Hz, 1H), 2.29 (ddd, J ) 13.5, 12.7, 6.0
Hz, 1H), 1.97 (ddd, J ) 13.5, 5.7, 2.2 Hz, 1H), 1.31 (t, J ) 7.1
Hz, 3H). Physical data for 21a (43% yield from 5a): gum; IR
(neat) 1735, 1680, 1610, 1510, 1247, 1089 cm-1; HRMS m/z
321.1588 (calcd for C17H23NO5, 321.1576); 1H NMR (300 MHz,
CDCl3) δ 7.23 (m, 4H), 5.53 (br d, J ) 9.8 Hz, 1H), 5.13 (br d,
J ) 9.8 Hz, 1H), 4.31 (q, 2H), 3.60 (br s, 1H), 3.56 (d, J ) 16.1
Hz, 1H), 3.06 (d, J ) 16.1 Hz, 1H), 1.45 (s, 9H), 1.32 (t, J )
6.9 Hz, 3H); 13C NMR (75.4 MHz, CDCl3) δ 174.9 (s), 155.8
(s), 140.1 (s), 138.9 (s), 128.2 (d), 127.2 (d), 124.8 (d), 123.9
(d), 82.3 (s), 79.8 (s), 62.7 (d), 62.6 (t), 43.1 (t), 28.3 (q), 14.1
(q).
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2′,2′′-Methylenedocetaxel (24a). (a) Amido alcohol pro-
tection and ester hydrolysis of 21a: To a solution of 21a
(321 mg, 1 mmol) in dry toluene (6.5 mL) PPTS (14 mg) and
2,4-dimethoxybenzaldehyde dimethylacetal (424 mg, excess)
were added, and the solution was refluxed in a Dean-Stark
apparatus for 2 h. After evaporation of the solvent, the residue
was taken up in CH2Cl2 and washed with brine. The organic
phase was dried (Na2SO4) and evaporated. The residue was
filtered through a short column of silica gel to remove the
excess acetal, and then hydrolyzed by treatment with K2CO3

in methanol (234 mg in 5 mL). After stirring 30 min at room
temperature, the reaction was worked up by evaporation, and
the residue taken up in a mixture of EtOAc and water (1:1,
10 mL). The water phase was next acidified with 5% KHSO4

and extracted with EtOAc. After drying (Na2SO4) and removal
of the solvent, crude 22a was obtained (356 mg, 80% from 21a)
as an unstable glass, directly used for the coupling step.

(b) Coupling and deprotection: To a stirred solution of
22a (450 mg, 1.02 mmol, 1.6 mol equiv) and 7,10-bis(trichlo-
roacetyl)-10-deacetylbaccatin III (23)39 (576 mg, 0.64 mmol)
in dry toluene (22 mL), DMAP (67 mg, 0.55 mmol, 0.86 mmol)
and DCC (305 mg, 1.48 mmol, 2.3 mol equiv) were added, and
the mixture was stirred at room temperature overnight. The
reaction was worked up by evaporation, and the residue was
treated with 0.1 N methanolic HCl (5 mL) to hydrolyze the
acetal moiety on the side chain. After evaporation, the residue
was dissolved in dry methanol (22.5 mL) and treated with zinc
(previously activated by treatment with dilute HCl, filtration,
and washing with MeOH, 600 mg) and AcOH (13.5 mL). After
stirring at 60 °C for 2 h, the reaction mixture was filtered,
evaporated, and partitioned between water and EtOAc. The
organic phase was dried (Na2SO4) and evaporated. The residue
was purified by CC (hexanes-EtOAc gradient, from 35:65 to
3:7) to afford 159 mg 24a (17%) as a foam: [R]D

25 -47 (CHCl3,
c 0.70); IR (KBr) 3435, 1707, 1244, 1166, 1094, 1053, 1025
cm-1; HRMS-FAB m/z 820.3551 (calcd for C44H53NO14 + H+

866.3544); 1H NMR (300 MHz, CDCl3) δ 8.05 (AA′ OBz), 7.55
(C OBz), 7.45 (BB′ OBz), 7.27 (m, H-3′′, H-4′′, H-5′′, H-6′′), 6.36
(br t, J ) 8.9 Hz, H-13), 6.29 (s, H-10), 5.67 (d, J ) 7.0 Hz,
H-2), 5.56 (d, J ) 9.6 Hz, H-3′), 5.20 (s, H-10), 5.16 (d, J ) 9.6
Hz, NH), 4.84 (br d, J ) 9.0 Hz, H-5), 4.24 (d, J ) 8.7 Hz,
H-20R), 4.19 (m H-7), 4.14 (d, J ) 8.7 Hz, H-20â), 3.89 (d, J )
7.0 Hz, H-3), 3.73 (d, J ) 16.5 Hz, 2′,2′′-CH2â), 3.20 (d, J )
16.5 Hz, 2,2′′ CH2R), 2.50 (m, H-6R), 2.29 (m, H-14a + H-14b),
1.96 (br s, H-18), 1.89 (s, 4-OAc), 1.80 (m, H-6â), 1.73 (s, H-19),
1.42 (s, NHBoc), 1.26 (s, H-17), 1.12 (s, H-16); 13C NMR (75
MHz, CDCl3) δ 211.4 (s, C-9), 175.1 (s, C-1′), 170.4 (s, 4-OAc),
167.0 (s, OBz), 156.2 (s, NHBoc), 139.5, 138.5, 138.4, 135.9 (s,
C-11, C-12, C-1′′, C-2′′), 133.7 (d, p-OBz), 130.1 (d, o-OBz),
129.1 (s, i-OBz), 128.7 (d, m-OBz), 128.8, 127.6, 125.0, 123.9
(d, C-3′′ + C-4′′ + C-5′′ +C-6′′), 84.2 (d, C-5), 82.2 (d, C-2′),
81.1 (s, C-4), 80.29 (s, NHBoc), 78.8 (s, C-1), 76.7 (t, C-20),
74.8 (d, C-2), 74.6 (d, C-10), 72.4 (d, C-13), 72.1 (d, C-7), 63.1
(d, C-3′), 58.7 (s, C-8), 46.4 (d, C-3), 43.3 (s, C-15), 43.2 (t, 2′-
(2′′)-CH2), 37.1 (t, C-6), 35.8 (t, C-14), 28.3 (q, Boc), 26.6 (q,
C-17), 21.7 (q, OAc), 20.72 (q, C-16), 14.6 (q, C-18), 9.8 (q, C-19).

2′,2′′-Ethylidenedocetaxel (24b). 21b (530 mg) was pro-
tected, hydrolyzed and coupled with 7,10-bistrichloroacetyl-
10-deacetylbaccatin III (23) as described for 21a. After depro-
tection, the final product was purified by CC (hexanes-EtOAc
1:1) to afford 9 mg 24b (4% from 22b) as a foam: [R]D

25 -26.9
(CHCl3, c 0.5) (CHCl3, c 0.70); IR (KBr) 3450, 1740, 1715, 1660,
1640, 1240 cm-1; HRMS-FAB m/z 834.3695 (calcd for C45H55-
NO14 + H+ 834.3701); 1H NMR (300 MHz, CDCl3) δ 8.13 (AA′
OBz), 7.58 (C OBz), 7.48 (BB′ OBz), 7.20 (m, H-3′′, H-4′′, H-5′′,
H-6′′), 6.38 (br t, J ) 9.0 Hz, H-13), 6.29 (s, H-10), 5.66 (d, J
) 7.2 Hz, H-2), 5.34 (d, J ) 10.1 Hz, H-3′), 5.18 (s, H-10), 5.12
(d, J ) 10.1 Hz, NH), 4.86 (br d, J ) 9.3 Hz, H-5), 4.25 (d, J
) 8.5 Hz, H-20R), 4.19 (m, H-7), 4.17 (d, J ) 8.5 Hz, H-20â),
3.91 (d, J ) 7.0 Hz, H-3), 3.20 (m, 2′,2′′-ethylidene), 2.86 (dd,
J ) 17.2, 4.5 Hz, 2′,2′′-ethylidene), 2.53 (m, H-6R), 2.38 (m,
2′,2′′-ethylidene), 2.27 (s, 4-OAc), 2.15 (m, H-14R,â), 1.91 (br
s, H-18), 1.82 (m, H-6â), 1.74 (s, H-19), 1.32 (s, Boc), 1.26 (s,
H-17), 1.11 (s, H-16); 13C NMR (75 MHz, CDCl3) δ 211.4 (s,

C-9), 175.7 (s, C-1′), 170.8 (s, 4-OAc), 167.1 (s, OBz), 156.1 (s,
OBoc), 138.6, 135.7, 135.5, 134.5 (s, C-11, C-12, C-1′′, C-2′′),
133.5 (d, p-OBz), 130.3 (d, o-OBz), 129.2 (s, i-OBz), 128.7 (d,
m-OBz), 127.6 127.3 (d, 3′-Ph), 127.0, 126.6 (d, C-3′′ + C-4′′ +
C-5′′ + C-6′′), 84.3 (d, C-5), 81.0 (s, C-4), 79.8 (s, NHBoc), 79.0
(s, C-1), 76.8 (t, C-20), 75.2 (d, C-2′), 74.9 (d, C-2), 74.4 (d, C-10),
72.1 (d, C-13, C,7), 57.6 (s, C-8), 53.4 (d, C-3′), 46.5 (d, C-3),
43.1 (s, C-15), 37.0 (t, C-6), 35.9 (t, C-14), 31.5 (t, 2′,2′′-
ethylidene), 28.2 (q, NHBoc), 26.6 (q, C-17), 24.7 (t, 2′,2′′-
ethylidene), 22.6 (q, OAc), 21.04 (q, C-16), 14.3 (q, C-18), 9.9
(q, C-19).

Computational Procedures. Structure 9a was subjected
to a Monte Carlo conformational search40 with the MM3* force
field and the GB/SA/H2O continuum model in MacroModel6.5
with default parameters.29 The Monte Carlo treatment was
employed since it is one of the most efficient procedures
available for exploring the conformational energy surface of
small to medium sized molecules.41 Similarly, the semiana-
lytical GB/SA/H2O model was chosen to mimic polar solvent
because it is well-parametrized for a range of organic
structures.29b At worst, the method dampens unrealistic gas-
phase dipole-dipole interactions. Under these conditions, the
9a search was run for a total of 5000 steps. The global
minimum was located 6 times. The set of 1121 optimized
conformers was treated to a NAMFIS conformer deconvolution
analysis28 by fitting 14 NOE-determined distances derived in
DMSO-d6. The NOE cross-peak volumes were scaled by
comparison with the volume of the H7-H10 cross-peak as-
signed a distance of 2.40 Å. The NAMFIS fitting procedure
provided seven conformations with predicted populations
ranging from 2-26%, i.e., 26, 21, 15, 15, 12, 10 and 2%, with
a sum of square differences (SSD)28 of 128. A Monte Carlo
torsional search was likewise performed for the six-membered
ring analogue 9b, this time, however, with the MM3*/GBSA/
CHCl3 prescription.29c The calculation delivered 328 conforma-
tions (global minimum found 49 times), which when combined
with seven NOEs and processed by a NAMFIS treatment
provided four conformations with estimated populations of 59,
35, 5 and 1% (SSD ) 5). Consistent with the polarity of the
solvent, the two most abundant conformers correspond to the
“nonpolar” Taxol variant, while the less abundant structures
are uncollapsed forms. All structures were visualized on SGI
O2 workstations and further manipulated in MacroModel: for
example, for evalutation of the ring-flip character of 9a A and
B as well as superposition of 9a conformers with those of Taxol,
Taxotere, and T-Taxol.
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(39) Guéritte-Voegelein, F.; Sénilh, V.; David, B.; Guénard, D.; Potier,
P. Chemical Studies of 10-Deacetyl Baccatin III. Hemisynthesis
of Taxol Derivatives. Tetrahedron 1986, 42, 4451-4460.

(40) Chang, G.; Guida, W. C.; Still, W. C. An Internal Coordinate
Monte Carlo Method for Searching Conformational Space. J. Am.
Chem. Soc. 1989, 111, 4379-4386.

(41) Saunders: M.; Houk, K. N.; Wu, Y.-D.; Still, W. C.; Lipton, M.;
Chang, G.; Guida, W. C. Conformations of Cycloheptadecane. A
Comparison of Methods for Conformational Searching. J. Am.
Chem. Soc. 1990, 112, 1419-1427.

JM001103V

Taxol Analogues Conformationally Constrained at C13 Journal of Medicinal Chemistry, 2001, Vol. 44, No. 10 1587


